Soldiers returning home from Iraq are experiencing an increased number of head injuries related to blasts and explosions compared to soldiers of previous conflicts. These injuries are often undetected until the soldiers return home and have difficulty functioning as they did prior to the war. It is therefore important for occupational health nurses to understand blast injury, its pathophysiology, methods for detecting traumatic brain injury, and how these soldiers can be treated. 
return home with severe injuries sustained from warfare and terrorism. Unlike prior conflicts, the current war in Iraq has resulted in a proliferation of injuries related to explosions. Consequently, blast injuries are resulting in increased incidence and prevalence of traumatic brain injury (TBI). Because mild TBI is often not a soldier's primary injury, the signs and symptoms are overlooked and the soldier is sent home or back to the battlefield with undiagnosed TBI. Mild TBI is defined as injury to the head arising from blunt trauma or acceleration or deceleration forces that results in one or more of the following: any period of confusion, disorientation, or impaired consciousness; any dysfunction of memory around the time of injury; loss of consciousness lasting less than 30 minutes; or the onset of observed signs or symptoms of neurological or neuropsychological dysfunction (Centers for Disease Control and Prevention, 2003) .
The consequences ofTBI can be devastating, resulting in vast impairment in physical, cognitive, and psychosocial functioning. As Iraq War veterans return to their communities and workplaces, they will require the understanding and support of health care professionals who are knowledgeable about the signs and symptoms of TBI. This article offers an overview of the existing literature describing TBI due to blast injuries among Iraq War veterans. It summarizes the mechanism of injury, pathophysiology, and classification of blast-related injuries. The clinical presentation of TBI is discussed. Clini-
MECHANISM OF INJURY
In the Iraq War, TBI high-impact injuries are most commonly caused by improvised explosive devices (IEDs), explosives often used by nonmilitary fighters and assembled in houses or hotels. IEDs may incorporate some military artillery, but often have nonmilitary components (icasualties.org, 2007) . As of August 2007, approximately 1,599 Coalition fatalities had occurred due to IEDs (icasualties.org). Other explosive devices causing TBI include conventional bombs, enhanced blast explosive devices, and grenades.
When these devices detonate, air is moved radially in an open field but deflects off surfaces if it occurs in an enclosed space such as a military vehicle or building (Coo-348 per, Maynard, Cross, &. HIli, I YlSJ). these denecnons or reverberations have an additive effect to pressure differences (DePalma, Burris, Champion, & Hodgson, 2005) . When an explosive device combusts, it produces a highly compressed region of gas that propagates outward, creating an overpressure show wave or blast wave (Moore, 2006) . When the front of the blast wave reaches an individual, the medium experiences a near instantaneous rise in pressure equal to that of the blast wave and then subsequently lowers as the blast wave passes (Wightman & Gladish, 200 I) . As the energy dissipates outward, a reversal of wind back toward the blast creates an underpressure wave (DePalma et al.) . The rapid change in pressure and the duration of effect directly correlate to the severity of the primary blast injury (Wightman & Gladish) .
Blast injuries are classified into four groups (Table  I) . Primary blast injuries are blast wave induced from changes in atmospheric pressure (Mayorga, 1997) . These injuries are caused by the large pressure differential of the blast wave, leading to shearing, spalling, implosion, and acceleration and deceleration injuries (Covey, 2002) . Brain injuries caused by the blast include concussion, barotrauma from acute gas embolism, and coup and contrecoup injuries (DePalma et aI., 2005) .
Secondary blast injuries occur when objects are put into motion by the blast that then collide with the individual (Mayorga, 1997) . Secondary blast injuries are often penetrating injuries (DePalma et aI., 2005) . In the absence of a building collapse, secondary blast injuries are the most common injuries to survivors (DePalma et al.) .
Tertiary blast injuries occur when an individual is propelled by the blast; often, the individual collides with an object or is dragged along the ground or inside a military vehicle (Mayorga, 1997) . These injuries are often caused by abrasive, contusive, and blunt trauma (Wightman & Gladish, 2001) .
Finally, quaternary blast injuries are those that occu: from the sequelae of the blast. These typically include bums, chemical and toxic dust inhalation poisoning, radiation exposure, and crush injuries due to building collapse, as well as injuries that result in posttraumatic stress disorder (PTSD) (Moore, 2006) . Blasts in a war environment cause mostly secondary or tertiary injuries as well as those from a primary blast wave (Warden, 2006) .
PATHOPHYSIOLOGY OF BRAIN INJURY AFTER A BLAST
The exact pathophysiology that occurs in the brain after a blast is not entirely understood. However, several studies of animals have revealed some important findings. A study of blast injury on rats found both structural and biochemical changes in the hippocampus causing neurological and cognitive deficits (Cernak, Wang, Jiang, Bian, & Savic, 2001) . Structural changes included expanded perineural spaces, an increased number of cytoplasmic vacuoles, and formation of a laminal body 24 hours after exposure to a blast (Cernak et al.) . Severely affected cells continued to show vacuolated cytoplasm and lamination of myelin after 5 days (Cernak et al.) . Increased frequen- (Cemak et al.) . Biochemical changes included generation of superoxide anions and increases in malondialdehyde and superoxide dismutase in the hippocampus after injury (Cemak et al.) .
Classification
The acute impairment of the central nervous system was studied by Cemak, Savic, Ignjatovic, and Jevtic (1999) . Patients with neurologic complaints after a blast injury received computed tomography scans and electroencephalograms (EEGs), which showed acute and long-term alterations. Acute EEG changes demonstrated cortical dysfunction consisting of hypersynchronous, discontinuous, or irregular brain activity with increased theta activity. A second EEG completed within 1 year after the injury also demonstrated long-term EEG changes. Symptoms included headache, vertigo, positive Romberg's sign, retrograde amnesia, mental blockage, apathy and lethargy, psychomotor agitation, and anxiety. Patients often complained of mental slowing and memory deficit and considered themselves significantly handicapped in everyday life (Cemak et al.) . These symptoms and complaints were present in the absence of gross structural or organic central nervous system changes (Cernak et al.) .
Furthermore, patients sustaining blast injuries showed significantly higher mean circulating concentrations of thromboxane B, (a metabolite of thromboxane A 2 ) , 6-ketoprostaglandin-FI alpha (a metabolite of pros-AUGUST 2008, VOL. 56, NO.8 taglandin), and sulfidopeptide leukotrienes (sLTs) during the 5 days after injury than patients with severe injuries but not due to blasts (Cemak et aI., 1999) . Patients who had experienced blast trauma also showed statistically significant increases in plasma sLTs compared to those in the nonblast group during a 7-day posttraumatic period, suggesting that a blast wave causes significant physiologic changes and major physiologic stress (Cemak et al.) . Cemak et al. demonstrated an increased incidence of PTSD among patients sustaining blast injuries. They speculated that "kinetic energy from a blast wave propagates through the body initiating a large spectrum of frequencies and stress concentrations at multiple sites, even those far from the site of primary impact and/or 'target organs'." They described this transfer of energy to the central nervous system as causing momentary increases in intracerebral pressure, which can result in indirect neurotrauma and neurological deficits (i.e., PTSD and chemical alterations).
TBI CLASSIFICATION
Blast-related injuries often result in mild to severe trauma. TBI severity is typically determined by clinical evaluations conducted early in acute health care and through the use of classification tools such as the Glasgow Coma Scale (GCS) (Teasdale & Jennett, 1974) and the Abbreviated Injury Severity (AIS) Scale (Baker & O'Neill, 1976) . These tools are useful to the extent they assist providers in predicting the course and eventual outcome of the injury. Severe brain injuries are more easily recognizable and commonly associated with longer periods of loss of consciousness, focal neurological findings on physical examinations, and remarkable acute neuroradiological findings (Arlinghaus, Shoaib, & Price, 2007) . Milder forms of TBI, however, are most prevalent among returning Iraq War veterans (Thurman, Coronado, & Sellassie, 2007) . Mild TBI is defined by specific characteristics caused by contact forces or acceleration and deceleration trauma. The duration of unconsciousness is brief, usually lasting seconds to minutes. In some cases, the individual does not lose consciousness but simply experiences a brief period of dazed consciousness. When the soldier is evaluated in the emergency department or at the scene, the GCS score ranges from 13 to 15. On neurologic examination, these individuals have no focal signs, although in the immediate posttraumatic period they may present with diaphoresis, nausea, or ataxia. Neuroimaging studies are negative (Alexander, 1995) .
Veterans presenting with symptoms of mild TBI may report physical, cognitive, behavioral, and emotional disturbances (Rao & Lyketsos, 2000) . Altematively, these constellations of symptoms may be referred to as post-concussion syndrome (PCS), with symptoms typically lasting a few days to several weeks. In 85% to 95% of veterans, mild TBI symptoms resolve after 1 year. The remainder of individuals who exhibit symptoms for more than 1 year may be diagnosed with persistent post-concussive syndrome (PPCS) and continue to experience functional impairments (Alexander, 1995; Gasquoine, 1997) .
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CLINICAL PRESENTATION
Somatic Symptoms
Following mild head injury, a variety of signs and symptoms can occur alone or in combination (Table 2) . Common physical complaints of mild TBI include tinnitus, sensitivity to light and noise, and sleep disturbances (Ouellet, Beaulieu-Bonneau, & Morin, 2006; Trudeau et al., 1998) . Other physical complaints include visual disturbances, chronic pain, sexual dysfunction, fatigue, and appetite and weight changes (Kapoor & Ciuffreda, 2007) . Headaches have been reported in 30% to 90% of veterans who are symptomatic after head injury. Of the various types, muscle contraction headaches are the most common (Evans, 1994) . Posttraumatic migraine headaches are also common and are clinically identical to nontraumatic migraines (Packard, 1994) . Dizziness is a frequent complaint and may be caused by peripheral injury, as in benign positional vertigo due to dislodged otoconia and labyrinthine concussion (Montgomery, Fenton, McClelland, MacFlynn, & Rutherford, 1991) . Following head trauma, some veterans will experience blurred vision, hearing loss, and changes in taste and smell, whereas others will report loss of libido and excessive daytime fatigue (Evans) . Individuals may present to primary care clinicians with anyone or a combination of these symptoms. Without a complete history, symptoms may be treated in isolation.
Cognitive Dysfunction
Veterans with TBI are also frequently affected by cognitive disturbances with subjective complaints of difficulty focusing, slowed processing, limited memory, inattentiveness, and inability to complete tasks (Alexander, 1995 ). These problems may be evident in their workplaces and homes. Some veterans will report losing their way when driving to familiar locations or being unable to follow conversations. Some studies indicate that damage to the individual's information-processing center may be responsible for the preponderance ofTBI cognitive symptoms, noting that those with head injury have difficulty processing several sources of information simultaneously. Further, these individuals appear distracted because they cannot disregard irrelevant information (Andrasik & Wincze,1994) .
PsychmukandBehaWomlD~wroances
Psychiatric and behavioral disturbances following TBI are believed to be among the most common consequences of head injury (Oskie, 2005) . Behavioral and psychological complaints include anxiety, depression, psychosis, personality changes, apathy, and irritability (Rao & Lyketsos, 2000) . Studies indicate that TBI may also be a risk factor for psychiatric disorders including major depression, dysthymia, obsessive-compulsive disorder, phobias, panic disorder, alcohol and substance abuse or dependence, bipolar disorder, and schizophrenia (Hibbard, Uysal, Kepler, Bogdany, & Silver, 1998) . Depression is one of the leading affective symptoms of mild head injury, with rates ranging from 14% to 77% of affected individuals (Cantor et al., 2005) . Depression compounds many of the challenges individuals with TBI typically face by creating a barrier to "life after injury" adjustment.
Many soldiers returning from the Iraq War are young and prior to their combat injuries were healthy, without chronic illness. Soldiers' ages and health status typically act in their favor, improving their prognosis for recovery. War veterans, however, are hurt in violent ways, increasing the risk for comorbid disorders such as PTSD. Studies reveal that more than 40% of U.S. soldiers deployed to Iraq who sustained injuries associated with loss of consciousness also met the criteria for PTSD (Hoge et al., 2008) . PTSD is a psychological condition that reflects the development of characteristic symptoms following exposure to high-magnitude life events (American Psychiatric Association, 1994) . PTSD is characterized by symptoms of distressing thoughts, feelings, and images that re-create the traumatic event; a persistent avoidance of triggers associated with the traumatic event; and emotional numbing of responsiveness, and symptoms that represent a persistent increase in stress and arousal. The disturbance produces impairment in occupational and social functioning, is experienced for longer than I month, and causes clinically significant distress (Keane, Weathers, & Foa, 2000) .
Studies indicate a possibility of symptom crossover between PTSD and PCS. The two disorders have the following in common: physiologic hyperactivity, memory deficits, fatigue, increased sensitivity to light and noise, insomnia, irritability, anxiety, and decreased concentration (Trudeau et al., 1998) . The overlap in symptom presentation between TBI and PTSD may present a differen-AUGUST 2008, VOL. 56, NO.8 tial diagnosis challenge to health care providers. If PTSD or TBI is suspected, health care professionals should refer individuals to specialists (e.g., neuropsychiatrists or neuropsychologists) who can screen for the presence of one or both disorders.
Veterans with TBI may also suffer from impaired self-awareness, characterized by a lack of appreciation for the severity of their deficits and the impact on their ability to work and live independently (Evans, Sherer, Nick, Nakase-Richardson, & Yablou, 2005) . Impaired self-awareness is a factor in determining long-term functional recovery after TBI because of its associations with limited motivation to participate in therapies (Lam, MeMahon, Priddy, & Gehred-Schultz, 1988; Malec & Mosessner, 2000) , longer lengths of stay in post-acute rehabilitation (Malec & Mosessner) , and poor vocational outcomes (Trudel, Tryon, & Purdum, 1998) . Psychological issues added to the physical injuries limit the veteran's ability to adhere to treatment regimens and decrease the individual's overall health status (Lew, 2005) .
Emotional adjustment following TBI is influenced by a number of factors, including lesion location, injury severity, level of handicap, premorbid personality, occupational status, educational attainment, and social support (Arlinghaus et al., 2007) . Interpersonal relationships with family members are often sources of enrichment and support. After trauma, however, these relationships may become strained as family members provide care soon after the injury. Caregiving places significant burdens on the family, and many caregivers are at risk for emotional distress (Perlesz & Kinsella, 2000) . Survivors and their family members may benefit from peer support programs in the postinjury period. Such support systems have been shown to increase knowledge about TBI, improve outlook, and enhance coping strategies (Alderfer, Arciniegas, & Silver, 2005) . Health care providers must be mindful of the ways TBI affects not only the survivor, but also family members. Assessing the injury's impact on the survivor as well as the family is essential to comprehensively managing the psychosocial and emotional sequelae of blast-related head injury and generating appropriate referrals to specialists as needed.
CLINICAL MANAGEMENT
Studies suggest that the first stage in developing an appropriate rehabilitation program for mild head injury is to isolate the areas in which intervention is needed (Andrasik & Wincze, 1994) . Hence, the treatment and referral process hinges on the veteran's symptoms, whether physical, cognitive, or emotional. Currently, treatment for blast-related TBI is best coordinated through trained specialists, or regional brain injury centers, which host a cadre of clinicians and therapists required to address the multifocal needs of the TBI-affected veteran. Those affected by TBI may require specialized care by several key clinicians, depending on the nature of their injuries. Neurologists are frequently involved in the acute management of head injuries and as such may begin treatment for early complaints of dizziness or headache. The neurologist functions as one of the chief coordinators, making the The pathophysiology and mechanism of action of blast-related TBI provide background for nurses to provide clinical services to war veterans.
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Prompt screening and diagnosis of TBI and referral to appropriate neurorehabilitation services may improve outcomes. diagnosis of TBI based on a detailed history of the nature of the trauma and collecting baseline health and past psychiatric history. In addition, the neurologi st is generally responsible for facilitating appropriate radiologic tests and initiating symptom-specific pharmacologic interventions.
Other specialists are equally important. Neuropsychiatrists, trained in both neurology and psychiatry, are uniquely qualified to manage the complex interface of physical , psychiatric , and cognitive challenges faced by veterans with head injury. In the case of cognitive complaints, the neuropsychiatri st may pursue referrals to a neuropsychologist for a comprehen sive neuropsychological evaluation. This assessment of cognitive functioning includes an evaluation of academic skills, attention and concentration, motor abilities , sensation, learning, memory, visuoperception, visuoconstructional abilities, language, and reasoning (Vanderploeg, 2000) . These tests substantiate and quantify subjective complaints such as disturbances in attention, memory, and language , delayed reaction time during problem solving, and impaired judgment and decision -making (Taylor, Livingston, & Kretzer, 2(07) . Measures of psychological functioning are also frequently admini stered given that mild, moderate, and severe TBI are associated with increased risk of psychiatric illness after injury (Fann et al., 2004) .
Neuropsychological assessments also assist in predicting an individual's safety awareness . Question s regarding safety are often asked by families out of concern for the survivor 's well-being (e.g., driving, living alone, working, and managing finances and medications) . When assessing safety issues, an evaluation of the veteran's judgment is critical (Taylor et al., 2(07) . This evaluation is even more imperative when assessing the ability of sol-diers to return to active duty where they may be called upon to make rapid decisions in life or death situations or when planning for new careers .
A psychiatrist typically coordinates the physical and occupational therapies of brain-injured veterans. Cognitive remediat ion and facilitation is conducted by trained specialists such as speech and language pathologists. Psychiatric services may be necessary to treat the emotional and behavioral components of brain injury (e.g., personality changes and affective mood disorders). These clinicians may institute pharmacological therapies such as antidepres sants or cognitive enhancers. Due to the tremendous stressors posed by TBI, psychological services are of particular importance to both veterans and their families attempting to cope with the sequelae of TBI. Community reentry programs assist TBI survivors to navigate within their home environments using compensatory strategies to function optimally at home and work.
CONCLUSION
The Centers for Disease Control and Prevention reports that an estimated 1.4 million Americans sustain a TBI each year, and that at least 5.3 million Americans are living with TBl-related disabilities for which they require long-term or lifelong assistance with activities of daily living (Langlois , Rutland-Brown , & Thomas, 2004; Thurman, 200 I) . As the conflict in Iraq continues, the numbers of soldiers returning to the United States with diagnosed and undiagnosed TBI will continue to increase . Understanding the pathophysiology and mechanisms of blast-related TBI provides health care practitioners with the background necessary to meet the needs of returning soldiers.
This article purposefully highlights the definition and clinical features of mild TBI because several studie s reveal this is the most common type of head injury (Schwab et al., 2007) . Although insufficient studies have been completed on blast-related head injuries among war veterans , limited clinical evidence to date suggests a range of neuropsychiatric impairments similar to those seen with other traumas (e.g., accidents or assaults). Because TBI is often underdiagnosed in a combat setting, the Centers for Disease Control and Prevention has recommended conducting wider screenings in both military and civilian populations to better assess the incidence and prevalence of mild TBI and provide short-term and long-term treatment (Schwab et al.) . Occupational health nurses encountering veterans with TBI appropriately assess and refer these workers so they receive effective treatment and reacclimate to their lives after returning home .
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